Objective: To evaluate the use of a wearable activity tracker and brief feedback in the workplace to motivate employees to improve activity. Patients and Methods: A total of 135 adult participants were randomized to 1 of 3 groups: control group (blinded to their step activity), intervention group (received counseling based on their step count), or no step-tracking device group. Participants were recruited from June 27, 2016, through February 21, 2018. Results: Most of the 135 participants were women (84%), with a mean AE SD age of 42.6AE10.1 years. Most participants (96%) completed 11 of the 12 weeks of step counts. Comparing treatment groups at week 12 (end of treatment), the intervention group (vs the control group) had significantly more steps (644.8; P<.01), had an 11.1% increase in step count from baseline (P<.01), was more likely to achieve goal (odds ratio¼1.73; P¼.02), increased distance traveled per week (0.46 miles; P<.01) and calories burned (90.6; P<.01), and had a decrease in some bioelectrical impedance measurements over time, including a greater loss in body fat mass (e0.90 kg; P¼.01), percentage fat (e0.96; P<.01), and visceral fat level (e0.60; P<.01). Finally, the intervention group indicated significantly greater satisfaction with their assigned randomization (89% vs 77%; P¼.01) and greater confidence in the effectiveness of their activity tracker (P<.01). Conclusion: Brief counseling accompanied by use of a step-counting device can improve workplace activity, which, in turn, can increase steps and decrease body fat, including visceral fat.
S edentary lifestyle, which has been identified as the new obesity, 1e3 has been associated with an increase in all-cause mortality. 4, 5 A recent systematic analysis found a 20% increase in type 2 diabetes in individuals who watched 2 hours or more of television daily. 6 Another metaanalysis showed that there was a 5% increase in cardiovascular events with 2 hours of sitting/screen time 7 ; and 5 additional systematic reviews have shown that sedentary behavior is associated with increased risk of colorectal, breast, endometrial, ovarian, and prostate cancer. 8 It has been hypothesized that one of the contributing factors for increased sedentary lifestyle is inactivity in the workplace, which has increased throughout the decades. 9 Recent attempts to improve workplace activity include sit-stand desks, 10 treadmill desks, 11 and portable pedal devices. 12 Use of these devices could be promoted by emphasizing their health benefits and reducing sedentary time in the workplace. 9, 13, 14 The use of portable pedal exercise machines has been studied to help improve activity by increasing energy expenditure. 15 The most recent Cochrane review of workplace interventions for reducing sitting at work found that there is low quality of evidence to suggest that these devices reduce workplace sitting. 9 There were 2 studies of 12 weeks or greater that had reduced sitting time when providing feedback or counseling in addition to using the devices.
Device-or activy trackeremeasured physical activity has been used to study workplace fitness in hundreds of trials. A recent systematic review found that of 132 unique trials (N¼15,619 participants), on average, workers accumulated 8124 steps per day. 16 One of the primary driving factors in the number of steps per day was the type of work perfomed (eg, postal delivery 16,100 steps vs office workers 6857 steps). To improve physical activityfor staff in our workplace, we conducted a study to determine whether we could improve workplace activity at our medical facility using a wearable activity tracker and combining brief feedback using individualized activity goals. The primary aim was to determine whether monitoring physical activity at work in conjunction with a brief feedback session with a physician could increase workplace activity.
METHODS

Study Overview
This study was a randomized controlled trial that measured occupational physical activity. As a proxy for occupational physical activity, participants wore an activity tracker (Fitbit Inc) during their Monday through Friday workdays for 16 weeks. In this study, all the participants wore the activity tracker without the ability to see their total number of steps during the run-in phase (4 weeks). After the run-in phase participants were randomized to 1 of 3 study arms for 12 weeks: in the control group, participants continued to wear the activity tracker for the remaining 12 weeks but also contiued to be blinded to the tracker's output (the display screen was covered with black nail polish so that they were unable to see the number of steps) and did not receive any additional intervention; in the intervention group, participants continued to wear the activity tracker for the remaining 12 weeks but were able to see the number of steps on the display and attended 2 interventional meetings with 1 of the investigators to discuss ways to increase their steps during the workday; and in the no activity tracker group, participants did not wear a tracker for 12 weeks and received no additional intervention. In accordance with the Declaration of Helsinki, this study was reviewed and approved by the Mayo Clinic Institutional Review Board, and written informed consent was obtained from all the study participants.
Setting
Study participants were primarily employed in the Mayo Clinic Division of General Internal Medicine at Rochester, Minnesota, and were recruited from June 27, 2016, through February 21, 2018. This report is based on all the participants who consented and were randomized to the study. The consort diagram presented in the Figure adheres to consort guidelines on reporting clinical trials. 17 
Participants
Eligible participants were 18 to 65 years of age, were employed full-time, had not used a wearable activity tracker within 2 weeks of study entry, agreed not to use any other activity tracker during the study, had a stable weight (defined as self-reported weight not changed more than 10% in the past 3 months), were not pregnant at the time of study screening and agreed to not become pregnant during the study, had no history of joint problems that limited free movement, had the ability to participate fully in all aspects of the study, and had no known history of any condition that would preclude study participation, hinder study adherence, or skew data collection as judged by the clinical investigator. Participants were prescreened, attended a face-to-face consent visit, signed the consent form, were screened for the study, and, if they passed the study entry criteria, were enrolled in the study.Once enrolled, participants were provided with their unblinded wearable activity tracker for the 4-week run-in phase.
During the 4-week run-in phase, participants were asked to wear the activity tracker during their Monday through Friday workdays and to remove and store it during nonwork hours. These activity trackers were collected on Friday evenings by study staff; step data were downloaded to a secure server, and the trackers were recharged and returned the following Monday before the beginning of the work schedule for each participant. This schedule continued during the entire 16 weeks of the study.
At the completion of the 4-week run-in phase, participants returned for their baseline visit, during which required study data were collected and randomization took place. After randomization, the particpants' activity trackers were set up according to the appropriate study arm. The participants continued in the study for an additional 12 weeks after randomization, which included 2 additional study visits where study data were collected (weeks 6 and 12 after randomization). One week after the end of the randomization study visit (week 12 after randomization), participants were asked to complete an end-of-study survey. All the participants received the activity tracker as compensation at the end of the study.
Interventions
Randomization was computer generated and comprised 3 groups:
B Control groupdAll the participants wore an activity tracker with the digital display covered using black nail polish. Participants were not given any additional instructions regarding their workday activity, and neither were they able to track their steps. Participants continued to use the wearable activity tracker as they did during the 4-week run-in phase for 12 weeks after randomization. B Intervention groupdAll the participants wore an activity tracker with the display set on step counts and the nail polish removed, allowing them to view their steps. Participants attended 2 interventional meetings (baseline [randomization] and 6 weeks after randomization) with a study investigator (R.T.H.). During the first 10-minute feedback session participants received a step target of 10% to 25% greater than their baseline steps calculated from the 4-week run-in phase. This range was selected based on past publications for increasing step counts. 18, 19 During the following 6 weeks, participants were advised to achieve 10% to 25% more steps than during the baseline 4-week runin phase. After 6 weeks of the randomization phase, a second 10-minute feedback session was scheduled and the baseline and first 6-week step counts were reviewed and compared with the 10% to 25% goal set during the first feedback session. Participants who achieved the 10% to 25% goal were encouraged to continue to maintain this same goal (they were not asked to increase). Those who did not achieve the 10% to 25% goal were asked to reflect on what strategies they could use to improve step counts. Particicpants continued to use the wearable activity tracker as they did during the 4-week run-in phase for 12 weeks after randomization.
B No activity tracker groupdAll the participants assigned to this arm did not use an activity tracker during the remaining 12 weeks of the study after randomization. They received no additional instructions regarding their workday activity.
Outcomes
The primary measures included the following: step data, downloaded weekly from participants' wearable activity trackers; body composition measurements, collected using a medical-grade analyzer (InBody 770; Inbody USA) that used segmental multifrequency bioelectrical impedance analysis (SMF-BIA) for estimating participant body mass index, body composition (total body water, percentage body fat, lean body mass, and resting energy expenditure based on body composition), and visceral fat area (VFA); 20 and the 36-Item Short Form Health Survey (SF-36), 21 which measures quality of life and captures information about functional health and well-being from the participant's point of view. The survey measured 8 health domains: physical functioning, role-physical, bodily pain, general health, vitality, social functioning, role-emotional, and mental health. The Perceived Stress Scale (PSS) 22 measured the participants' perceptions of their own stress during the past month; and the safety measures included adverse events and concomitant medications.
Data Analysis
Baseline participant characteristics are summarized for each group using mean AE SD and range for the continuous variables and frequency (percentage) for the categorical variables. Primary outcomes of interest were daily step counts, body composition measurements, and SF-36 and PSS scores. All the outcomes were assessed at a baseline visit before the first week of the study and at selected follow-up visits. Weekly step counts were analyzed as continuous variables, expressed as number of steps and as the percentage change from baseline. In addition, weekly step counts were also analyzed using a binary outcome indicating whether the given participant met his or her step count goal. Distance traveled and number of calories burned were also collected each week.
Step count, percentage change in steps, distance traveled, and number of calories burned were all analyzed using linear mixed models with an autoregressive covariance structure taking into account the repeated-measures study design. The baseline value was included as a covariate in these models. Results are reported as point estimates of the effect of the intervention group compared with the control group, with 95% CIs. The difference in the number of participants who increased their physical activity (10%-25% above baseline step counts) between the intervention and control group was analyzed using generalized estimating equations. The result is reported as an odds ratio with a 95% CI. For the BIA measurements, in addition to the baseline value, each participant was tested at weeks 6 and 12 of the study. The change from baseline for each of these time points was calculated, and the groups were compared using a general linear model with the baseline value included as a covariate. The PSS and the SF-36 were completed at baseline and at the end of the 12-week study, with scores calculated according to published guidelines. 21, 23 The change from baseline to week 12 was analyzed using a general linear model with the baseline value used as a covariate. The results of these analyses are summarized using point estimates (95% CIs) for the effect of the intervention group.
The sample size for this investigation was chosen after weighing statistical considerations and logistical constraints. In general, a sample size of 45 per group will provide statistical power (2-tailed, a¼0.05) of 80% to detect a difference between groups of 0.60 SD.
RESULTS
Study recruitment included word of mouth (82.5%), wait lists (12.8%), and internal flyers (4.7%). Of the 198 participants prescreened, 137 (69%) consented and 135 (98.5%) went on to be randomized (Figure) . All the participants except 1 (99%) completed the randomized phase of the study.
Baseline characteristics are reported in Table 1 . Most of the participants were female (n¼114; 84%), were married (n¼93; 69%), and had at least some college education (n¼127; 94%), and the mean AE SD age was 42.6AE10.1 years.
In the control group, 84% turned in their wearable activity tracker for all 12 time points, and in the intervention group 80% did. The control group had 95% of the individuals turn in their wearable activity tracker for at least 11 of the 12 time points. For the intervention group, 96% turned in the wearable activity tracker for at least 11 of the 12 time points.
The step data were compared for 12 weeks in the control and intervention groups, and the results are shown in Table 2 .
Steps are reported as the average change in daily number of steps for that week from baseline. The intervention group compared with the control group had an effect estimate of 644.8 steps (P<.01). There was also a significant difference between groups for the percentage change in steps per week (P<.01). For those in the intervention group, a goal was set to increase their step count from baseline by at least 10% (10%-25%). The number of participants in the intervention and control groups who achieved at least an increase of 10% from baseline was calculated. There was a significant difference in the number of individuals who improved at least 10% in step count from baseline between groups (P¼.02). The odds ratio for the intervention group compared with the control group was 1.73, which shows an increase in likelihood of an individual achieving the goal if he or she was in the intervention group.
The distance traveled and the number of calories burned were collected by the activity tracker and were reported as the average change in daily distance traveled and calories burned for that specific week from baseline. The changes in mean distance traveled and calories burned for the study groups were compared using baseline as a covariate (Table 3) . When the intervention group was compared with the control group, there was a significant increase in both the distance traveled (P<.01) and the number of calories burned (P<.01) for the intervention group.
There was a consistent decrease in body fat mass, percentage body fat, and visceral fat level for the intervention group over time ( Table 4 ). The change in BIA estimates of body fat mass, skeletal muscle mass, percentage body fat, and VFA from baseline to week 6 was not significant between groups, but the trend for the intervention group of a gradual increase in skeletal muscle mass continued. For the change from baseline to week 12 there was a significant difference seen between the intervention and control groups for body fat mass (P¼.01), percent body fat (P<.01), and VFA (P<.01). Data were analyzed using generalized estimating equations to account for the repeated measures study design. The effect estimate corresponds to the odds ratio, with values greater than 1.0 indicating an increased likelihood of achieving goal for the intervention group compared with the control group.
The PSS and the mental and physical components of the SF-36 were given to all the participants at the preerun-in stage, baseline, and week 12. There was no significant difference between the groups for the change in week 12 from baseline for any of the surveys (P>.05) (data not shown).
One serious adverse event was reported that consisted of hospitalization due to unprovoked pulmonary embolism (determined not to be related to the wearable activity tracker or increased physical activity). During the course of the 16-week study, 14 (10%) of the participants reported 15 adverse events, only 1 of which was determined to be related to use of the wearable activity tracker ("light rash on wrist where the wearable activity tracker was worn").
An end-of-study survey was given to all the participants (data not shown). There was a significant difference in how the groups answered when asked about the overall rating for wearing the activity monitor (P<.01), effectiveness of the wearable activity tracker (P<.01), and satisfaction with the study (P¼.01). For overall satisfaction with the study, 89% of the intervention group said that they were "satisfied" or "extremely satisfied" with the study as a whole, and 77% of the control group answered the same.
DISCUSSION
The sedentary workplace environment likely contributes to an overall unhealthy lifestyle for working adults. This study evaluated the use of a wearable activity tracker with brief feedback sessions to improve both activity and body compositon. The major finding was that when participants were able to monitor their physical activity and had 2 brief feedback sessions they were significantly more likely to have more overall steps and to achieve at least a 10% increase than those who only wore an activity tracker but were not able to monitor their steps and did not receive feedback on their activity. In addition, participants who received feedback had improvements in percentage body fat and VFA at 12 weeks compared with those who did not receive this intervention. This approach has the potential to improve the body composition and cardiometabolic outcomes of working adults.
We are aware of a few recently published similar workplace studies that use brief feedback or coaching sessions to improve physical Data were analyzed using a linear mixed model with an autoregressive covariance structure used to account for the repeated measures study design. In all cases, the independent variable was study group (intervention vs control), and the baseline value of the given outcome variable was included as a covariate. The effect estimate corresponds to the estimated difference between study groups (intervention e control).
activity. A study recently published evaluated the use of a workplace physical activity program alone or combined with health coaching in 213 employees. Six weeks after the start of the trial, those receiving combined coaching and a physical activity program were more physically active. 24 Similarly, a study of software employees (n¼46) who underwent a health education program that included physical activity, goal setting, and instruction found that physical activity using an activity tracker was higher during the coaching (median, 9834 steps) than at baseline (median, 6963 steps). 25 Similar to the present study, these recent studies suggest that including a coaching session may be beneficial to enhance workplace activity trackers to increase physical activity at work. The present study used physician brief counseling combined with activity trackers to increase activity and evaluate the effect on body composition. Body composition plays an important role in resting energy expenditure, and fat-free mass may be one of the primary factors. 26 The SMF-BIA used in the present study estimated resting energy expenditure based on FFM and equations derived by the company (InBody). The BIA measure, which was used to estimate the VFA in the present study population, was selected over dual-energy x-ray absorptiometry and human measurement of waist circumference for several reasons. Waist circumference has considerable between-examiner and within-examiner variation. In a study by Berker et al 27 in 2010 of a population to similar ours (19-58 years of age, >80% female), participants underwent BIA, ultrasonography, and CT to estimate VFA on the same day, in addition to weight, waist circumference, and waist-hip ratio measurements. They concluded that in all the participants, the methods best correlating with VFA by CT were BIA (r¼0.870; P<.001), waist circumference (r¼0.861; P<.001), body mass index (r¼0.843; P<.001), and visceral fat thickness by ultrasonography (r¼0.823; P<.001). 27 The BIA used in the present study One participant had missing information at week 6. c One participant had missing information at week 12. d Data were analyzed separately for the week 6 and week 12 periods using a general linear model. In all cases, the independent variable was study group (intervention vs control vs no step counter), and the baseline value of the given outcome variable was included as a covariate.
is an SMF-BIA. The current SMF-BIA (Inbody 720) was validated for VFA in a study of 53 participants who had estimates with both CT and SMF-BIA. The VFA estimates with the SMF-BIA had a high correlation (R¼0.759) with CT estimates of VFA. 28 The SMF-BIA advantages over dual-energy x-ray absorptiometry of rapid, noninvasive, and ease of use make the likelihood of being in clinical use much higher. 27e30 This device is very accurate, takes 2 minutes to run, does not need a technician to operate (thereby removing the interhuman and intrahuman operator variability bias), exposes patients to zero radiation, is less expensive to run (pennies per procedure vs hundreds of dollars), costs less initially ($14,000 vs $50,000þ), takes up minimal space vs a whole room, and is much more likely to be used widespread clinically than dual-energy x-ray absorptiometry.
The present data found that use of a wearable activity tracker can be enhanced if it is accompanied by a goal-setting message 31 provided in a timely manner (ie, teacheable moment), 32 when motivational messaging 32 would be most beneficial. The goal-setting message in the study focused on increasing the number of steps achieved at work by at least 10% of the baseline measurements. When comparing across treatment groups at the end of treatment, the intervention group had significantly more steps than the control group (644.8; P<.01), had an 11.1% increase in step count from baseline (P<.01), and were more likely to achieve the 10% or greater goal (odds ratio¼1.73; P¼.02). In addition, the intervention groups were found to have increased the distance traveled per week (0.46 miles; P<.01) and calories burned (90.6; P<.01). The intervention group also had greater loss in body fat mass (e0.90 kg; P¼.01), percentage fat (e0.96; P <.01), and visceral fat level (e0.60; P<.01) at 12 weeks. It makes physiologic sense that these changes would not have been significant at 6 weeks because it would likely take a few months to see body composition changes with 10% to 25% increased activity. In addition it is not suprising that muscle mass was not changed between the groups because the intervention did not consist of resistance exercise recommendations.
Consistent with the current coaching literature, the present study found that participants who were provided with a brief personalized coaching message and who were able to track their steps performed consistently better in increasing the number of steps per day ( Table 2) . This association was confirmed by another study that showed that employee coaching results in improvement in physical and mental status in a workplace setting. 9 Finally, although the small sample size is acceptable for a pilot study, it limits the ability to detect significant differences between groups. In addition, the open-label design limits the study due to patient selection bias, 33 participant retention bias, 34 and participant performance bias. 35 As with any research study with a focus on increasing activity, the present study attracted more female than male participants. Research participants were recruited from a single center and due to the hiring practices for the positions held in the center, they were also more educated (most had some college or more). Because the focus of the study was on increasing activity and participants were required to attend a study visit during scheduled work hours, we did not focus the study on health outcomes, and neither did we collect vital signs or any type of blood work. Another limitation is the lack of body measurements. Past studies have shown lack of consistency in intrastaffing and interstaffing measurements with waist and hip circumference, and, therefore, a decision was made to use body compostion estimates of the BIA rather than body measurement. There are limitations in estimating VFA using whole-body SMF-BIA, such as the likelihood of underestimating abdominal VFA in obese individuals, 28 but because we were looking at change from baseline in a population that on average was not obese we feel that these measurements are valid. Wrist-worn activity trackers are accurate when validated to step counts during treadmill step-counting experiments. Wrist-worn trackers may have limitations in more intense activities (running) vs walking 36 and in those involving less wrist motion, such as using a desk pedal device. 37 Some participants also had scheduling conflicts due to the fact that many of the study face-to-face visits (at consent/baseline, the end of the blind phase [week4], the end of week 10 [week 6 after randomization], and the end of the intervention [week 12 after randomization]) took place during the workday and others could not participate because of other scheduling conflicts, such as extended length of time away from work. Also, the study showed that participants who were able to monitor their own activity and received feedback on this performance were able to make signficiant changes in their physical activity and body composition. Further work should be done to determine how effective self-monitoring without feedback is compared with self-monitoring with feedback. Regardless, this study shows that for a wearable activity tracker to be effective, it needs to be used in an intentional manner.
CONCLUSION
Brief counseling accompanied by use of a step-counting device can improve workplace activity/movement, which, in turn, can increase steps and decrease body fat, including visceral fat. These findings are promising as we work to improve the overall health of workers by increasing physical activity, decreasing body fat, and promoting a healthy weight, which seem to be impeded by a significant amount of time in a sedentary workplace. More research should be conducted to determine whether the changes and trends seen in this small pilot study can be sustained over longer periods with more generalizable populations.
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